Background: Several evidences suggest that autoimmune diseases (ADs) tend to co-occur in an individual and within the same family. Narcolepsy type 1 (NT1) is a chronic sleep disorder caused by a selective loss of hypocretin-producing neurons due to a mechanism of neural destruction that indicates an autoimmune pathogenesis, although no evidence is available. We report on the comorbidity of ADs and other immunopathological diseases (including allergy diseases) in narcolepsy.
Introduction
Narcolepsy is a chronic and rare sleep disorder, with an estimated prevalence of 0.03-0.16% of the World population [1] . Prevalence in Spain is considered to be similar to other European countries, as well as in North American population, ranging between 0.025% and 0.40% [2] , but there are no epidemiological studies confirming these figures. The disease is caused by a deficiency in hypothalamic neurotransmission, through a selective loss of hypocretin-producing neurons [3, 4] . This mechanism of neural destruction potentially indicates an autoimmune pathogenesis, although the existence of a specific auto-antibody has not been demonstrated until now. Recently some papers have demonstrated that antibodies can be related with the disease [5] [6] [7] .
Hypocretin-1 and 2 are two neuroexcitatory peptides produced in the dorsolateral region of the hypothalamus, with an important role in wakefulness and REM-sleep regulation. Some evidences support the autoimmune hypothesis of narcolepsy. Juji et al [8] were the first authors to describe a strong association with HLA-class II antigens. Today we know that DQB1*06:02 is the most strongly associated allele, in up to 98% of cases, and the best HLA marker for the disease [9] . The complete haplotype classically associated with the disease is DRB1*15:01-DQA1*01:02-DQB1*06:02. A recent study in European population [10] confirmed the allele DQB1*06:02 as the principal risk factor for the disease (odds ratio (OR): 251). The estimated prevalence of DQB1*06:02 in Madrid area, where this study has been carried out, is 15% [11] . However, it remains unclear how a specific allele haplotype can induce an autoimmune response.
Other evidences are the discovery of three single nucleotide polymorphisms (SNPs) in the locus of the T-cell receptor-α (TCRA) on chromosome 14 [12] . The TCRA plays an important role in the recognition of peptides bound to HLA molecules, supporting the autoimmune hypothesis. The finding in 2010 that hypocretin neurons co-express tribbles2 (Trib2) and narcolepsy patients diagnosed early after first symptoms have auto-antibodies against Trib2 also supported this hypothesis [13] . However, narcolepsy patients were negative for Trib2 antibodies close to disease onset [14] , and today it has become clear that Trib2 auto-antibodies are unlikely to be the cause of the neuronal destruction.
The role of environmental factors as a trigger in genetically predisposed subjects has also been strongly suspected. Some studies have reported elevated anti-streptococcal antibodies in patients with recent narcolepsy onset [15] , and also upper airway infections [16] . However, a recent study in a Spanish series of 54 narcolepsy patients only found a significant relationship with chickenpox in the year prior to narcolepsy onset, among 42 analyzed infectious factors [17] . H1N1 influenza [18] and H1N1 vaccinations [19] have also been strongly related to narcolepsy onset. It has been proposed that infectious factors could lead to an autoimmune response due to a mechanism of molecular mimicry. In summary, hypocretin neurons might become damaged in subjects with predisposing genetic factors triggered by environmental factors [20] . The autoimmune response would be acute and the symptoms of narcolepsy would appear when most neurons are damaged (more than 90%), and this explains the absence of inflammatory signs or auto-antibodies once the condition is finally diagnosed.
Most patients suffer from the non-familial (or sporadic) form of narcolepsy, and genuine multiplex families (with several generations affected) are very rare. The disease typically begins in adolescence or early youth. The main symptom of narcolepsy is a severe and invalidating excessive daytime sleepiness (EDS), with an important impact on subject's quality of life [21] . Other symptoms are sleep paralysis (the inability to move upon awakening), hypnagogic hallucinations and a disturbed nocturnal sleep with several awakenings.
Evidence suggests that autoimmune diseases (ADs) tend to co-occur in an individual and within the same family [22] , so that patients with an autoimmune disorder are at higher risk of a second AD, and the concept of an autoimmune diathesis is now widely accepted. The association between allergic and ADs is also having considerable interest. ADs have been mapped to many shared loci with variable specificities to different diseases. Furthermore, recent studies have identified loci with overlapping effects on ADs and allergies. For the purpose of this study, all autoimmune and other immune-mediated disorders will be named immunopathological diseases (IDs). We have previously described an elevated prevalence of ADs and other IDs in narcolepsy with cataplexy patients [23] , but no case-control studies have been made before. The aim of this retrospective study was to perform a case-control study using control subjects matched for age and gender with a series of narcolepsy type 1 (NT1) patients.
Materials and Methods

Study design
This observational retrospective case-control study was conducted at the Sleep Disorders Units of San Carlos University Hospital and Gregorio Maranon University Hospital in Madrid (Spain). The study was approved by the local ethic committees and a written patient's inform consent was obtained in all cases. It was divided in three parts: 1) study of an NT1 series to determine the frequency of ADs and other IDs; 2) comparison between NT1 patients with associated ADs/IDs and those without any association within the same series; 3) a case-control study of control subjects and narcoleptic patients from our series.
Sample of NT1 patients
A series of 158 Caucasian patients with NT1 (96 male and 62 female), with a mean age of 49.4 ± 19.7 years, diagnosed in our Sleep Units and taken from our respective databases, were included in the study. Although in most patients, the diagnosis of narcolepsy was made according to the previous editions of the International Classification of Sleep Disorders, all patients met the ICSD-3 (2014) criteria for NT1 and had unquestionable cataplexy. HLA typing showed that all but one patient (a familial case) were DQB1*06:02 positive. The methodology for the assessment of the clinical and laboratory narcolepsy findings was described in our previous study, and the diagnosis was confirmed by polysomnography followed by a multiple sleep latency test, or by hypocretin-1 levels measurements [23] .
The severity of the symptoms was assessed at the time of the diagnosis without treatment. To establish the severity of cataplexy, we took as a reference the Ullanlinna narcolepsy scale [24] and the parameters of the European Narcolepsy-Network (EU-NN) Retrospective Database [25] . The frequency of cataplexy was assessed by a scale from 1 to 5, reporting rare to very frequent cataplexy attacks. We classified the patients into two groups: mild to moderate cataplexy (scores 1, 2 and 3) and severe cataplexy (scores 4 and 5).
For the assessment of the ADs/IDs, patients were asked retrospectively using a comprehensive list of these diseases and symptoms. The past medical history and the medical reports from other specialists were also reviewed in all cases. The regular follow-up visits of the NT1 patients varied from 3 to 6 months. Once the presence of other ADs/IDs was confirmed, patients were systematically asked about the age at onset of the AD/ID: previous to the onset of the first symptom of narcolepsy (EDS in our series), simultaneously with EDS, or subsequent to the onset of EDS.
Comparison group within the series of NT1 patients
Thirty NT1 patients without ADs/IDs from the same series of 158 patients, matched by gender and age at onset of the first symptom (EDS), were used for comparisons with NT1 patients with comorbid ADs/IDs. All patients in this comparison group were interviewed to discard the presence of ADs or allergies at the time of this study. 
Control group of subjects from the general population
A control group of non-narcoleptic control and drug-free subjects were selected from the companions and non-consanguineous relatives of patients assisting to our outpatient clinics, matched by gender and age with the NT1 patients. All subjects completed a specific questionnaire with two separate sections: a sleep questionnaire, the Epworth sleepiness scale (ESS), to discard the presence of narcolepsy; and specific questions about diseases separated by organs and systems, including allergic processes. All subjects were personally interviewed by medical specialists to confirm the information. Questionnaires with uncertain or not verified diseases, presence of sleep paralysis, hypnagogic hallucinations or ESS scorings ≥ 10, were discarded. Four hundred and thirty-four questionnaires were collected, from which 151 were finally selected. No controls could be found for seven NT1 patients due to their young or advanced age.
Statistical analysis
The Mann-Whitney and Pearson χ 2 tests were used for the parametric comparison, and the Fisher's exact test to evaluate the severity of cataplexy. Data were reported as mean ± SD. Differences were considered as statistically significant if P < 0.05.
Results
Diseases observed in the narcolepsy series (N = 158)
Thirty NT1 patients out of 158 (18.99%; 16 females, 14 males; 29 sporadic and one familial) had one or more ADs/IDs associated: 12 (7.59%) had an AD, 19 (12.02%) an allergic disorder, and one patient had both. Besides, seven patients had two allergic diseases at the same time, two had two ADs and one patient had three ADs. The complete listing of diseases can be seen in Table 1 [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . The demographic and clinical characteristics of NT1 patients with associated ADs/IDs diseases are listed in Table 2 .
One patient with NT1 and hypocretin-1 deficiency developed multiple sclerosis (MS) years later, evolving into secondary progressive MS (case 6 in Table 2 ). The MRI performed when MS was diagnosed showed lesions in the periventricular white matter regions but no lesions at hypothalamic sites were documented, demonstrating that the course of both diseases in this patient was independent [37] . Case 7, the first case reported in the literature with SLE and narcolepsy, was a woman in whom NT1 appeared 10 years after the SLE, and the cra- nial MRI was normal [38] . The familial case (case 5), suffering from extreme obesity, belongs to the largest ever-reported narcolepsy family with 12 affected members. The patient was diagnosed with idiopathic thrombocytopenic purpura (ITP) at the age of 18; EDS and cataplectic attacks started at the same age. The ITP was initially successfully treated with corticoids, and a myelin oligodendrocyte glycoprotein (MOG) mutation was identified in this family [39] . Hypocretin-1 level in cerebrospinal fluid (CSF) was determined in two patients (cases 6 and 10), and was undetectable in both cases. In case 10, the level of hypocretin-1 in CSF remained undetectable after 6 months of treatment with intravenous immunoglobulins [40] .
Comparative analysis of the NT1 group with ADs/IDs and the NT1 group without ADs/IDs
The results of the statistical analysis are reported in Table 3 . Cataplexy was significantly more severe in the group of NT1 patients with IDs (P < 0.001) ( Table 4 ). The univariate analysis of both groups of patients revealed that the presence of ADs/ Martinez
IDs in NT1 is an important risk factor for severe forms of cataplexy in our series (OR: 23.6). It has been previously described that close-to-onset cases have more severe symptoms, especially for cataplexy, and the age also seems to be a determinant factor in our series: patients with severe cataplexy are younger, and an advanced age is a mild protective factor (OR: 0.95), as well as an older age onset for cataplexy (OR: 0.94) ( Table 5 ).
Diseases observed in the control group of general population
A total number of 151 matched controls were selected for this group. Eighteen controls (11.92%) had IDs: four (2.64%) had ADs and 16 (10.59%) had allergic diseases. Besides, two had one of each type, one subject had two allergic diseases, and none had two or more ADs. All the observed diseases are listed in Table 6 . The comparative analysis of these two groups (as shown in 
Discussion
The results from the comparative analysis of narcolepsy patients and the control group lead to a first conclusion: there is a higher frequency of ADs in NT1 than in controls (7.95% in NT1 vs. 2.65% in controls; OR: 3.17), which strengthens the idea that narcolepsy has an autoimmune pathogenesis. The association with other allergic diseases is also high, although the difference was not statistically significant mainly due to the high prevalence of allergic rhinitis in our environment.
Several population-based studies have demonstrated positive associations between different ADs, allergic diseases, and even between both types. ADs have been traditionally considered as separate entities, but the concept of shared autoimmunity is gaining acceptance. There is also the concept of familial aggregation, multiple autoimmune syndrome, and mosaic of autoimmunity [41] [42] [43] . Although many ADs are individually rare, Jacobson et al estimated that together affect one in every 31 US citizens [44] , representing 3.22% of the population. The sample of subjects from the general population obtained for this study, with an AD prevalence of 3.45%, could then be considered quite representative. But the first study of prevalence with a complete list of ADs was published in 2012 by Hayter and Cook [45] . This study established an AD overall prevalence of 2.7% for men and 6.4% for women. The study included narcolepsy for the first time, and established the periods of highest incidence for different ADs, being highest for narcolepsy in the second decade of life (10 -19 years). The peak incidence of ADs as a whole occurred during the third (20 -29 years) but, above all, in the fifth decade of life (40 -49 years). In the present study, eight of the 12 patients with associated ADs (two-thirds) reported the first symptom of narcolepsy (EDS) before the age of 20, two of whom were before 10 years. Taking as a reference all the IDs observed in this group, we can include 20 of the 30 patients (the same proportion, twothirds), four before 10 years of age. This indicates that patients with NT1 and IDs (not only ADs) tend to manifest narcolepsy earlier. This finding is important because studies that have analyzed age ranges with the highest incidence of narcolepsy have not taken into account the coexistence of other ADs/IDs, which could be a determining factor. A recent study in 468 narcolepsy pediatric patients also found an increased frequency of allergic conditions, which was higher in patients with cataplexy compared to those without cataplexy. The study hypothesizes that Th2 cellular hyperactivation against autoantigens would cause IgE-mediated allergy and hypersensitivity [46] . The presence of allergic conditions may modulate the severity of the disease in childhood narcolepsy, and reduce the prevalence of cataplexy in these patients. The study, however, does not evaluate the presence of ADs, and the discrepancies with our study observed in the severity of cataplexy could be explained because we only included NT1 in our study. The most important marker for cataplexy -the allele DQB1*06:02 -varies in percentage in different ethnic populations (Caucasian, Asiatic and Amerindian). Also the environmental factors, as a trigger for narcolepsy, are different in children from three continents.
Regarding gender differences for ADs, women bear the greatest burden: the previously published studies established that women have 2.7 times more risk than men to acquire one [47] . For Hayter and Cook, 47 ADs (58%) are more common in women and only 21 have a marked female predominance (75-100%). The cause of this increased risk in women is unknown. In the present study, the sample of 158 patients with NT1 is predominantly male (60.7%). However, the trend is clearly reversed in the sample of 30 patients with associated ADs, with a female predominance (66.6%). This means that 12.9% women in this sample of 158 patients with NT1 have at least one AD, compared with only 4.1% men. It is well known that there is no gender predominance in narcolepsy, and our results support the classical hypothesis of a higher susceptibility in females to develop other ADs (e.g. autoimmune thyroid disease). It is widely believed that there are approximately 80 ADs, according to Witebsky's postulates [48] . The ADs detected in our series are a heterogeneous group and they all meet, if not all, at least two of these postulates. Most of them have a universally accepted autoimmune pathophysiology, but others have not been included so far in the published series, namely, Peyronie's disease, multinodular goiter autoimmune, type B insulin resistance syndrome and idiopathic recurrent facial palsy.
The other ADs observed in this sample of patients with Martinez
NT1 have, as already mentioned, a generally accepted autoimmune origin, and MS is of particular interest in this study. Although the etiology of MS remains unknown, it is thought that a combination of genetic and environmental factors is involved, as well as in narcolepsy. But both diseases also share other similarities. The first cases of MS and narcolepsy were described by Ekbom in 1966 [49] . It is also known that MS and narcolepsy share genes conferring susceptibility [5] . HLAclass II of both diseases share the DRB1*15:01-DQB1*06:02 haplotype [50] [51] [52] . Recently, a mutation in the MOG gene has been detected in the largest narcoleptic family ever described, with 12 members affected by the disease, and it was not observed in the healthy members of the same family [39] . Case 6 (Table 2 ) is a member of this family, and the only DQB1*06:02 negative patient in our series. The identification of the MOG gene mutation, exclusive of this Spanish family, provides a better understanding of the pathogenesis of narcolepsy and highlights the role of a glycoprotein believed to be important in the myelination of nerves in the central nervous system, and further emphasizes glial involvement in neurodegeneration and neurobehavioral disorders.
In celiac disease (case 28), associations with other ADs have been identified before, including type 1 diabetes mellitus (DM), autoimmune thyroiditis, SLE and Crohn's disease (CrD) [53] (as in this patient), but never before with narcolepsy. CrD is also present in case 16, another woman who debuted with the first signs of NT1 at the age of 9 years, immediately after a first outbreak of allergic rhinitis. No cases of comorbidity between CrD and NT1 have been reported before, but a study in Tunisia, another Mediterranean country, showed a high prevalence of the DRB1*15:01 allele [54] . Ulcerative colitis (UC) was observed in case 25 of this sample. UC etiology involves, as in CrD, genetic and environmental factors, and a study in Spain showed a high frequency of DR2 [55] . In children, UC has been associated with an increased risk for type 1 DM and an increased frequency of asthma, allergic rhinitis, autoimmune hypothyroidism, rheumatoid arthritis and SLE [56] .
The secondary form of antiphospholipid syndrome occurs in the context of ADs such as SLE. Another AD observed in this series is ITP, a rare disease. No associations have been described between ITP and narcolepsy before. The case presented in this series is a 31-year-old man who was diagnosed with ITP at the age of 17, manifesting EDS at the same age. In this case there is a temporal relationship in the beginning of both diseases that may have conditioned their development and evolution. Several studies have found a higher frequency of psoriasis in patients with MS [57] . Associations between psoriasis and other ADs, like SLE or autoimmune hypothyroidism, have also been reported, but never before with NT1.
Regarding other IDs described in this sample of patients with NT1, they can be described collectively as allergic diseases. They share some common characteristics: a high prevalence among the population and a marked genetic/hereditary component in most of them. This is the case of allergic rhinitis, allergic asthma, atopic dermatitis, food allergies and contact dermatitis. A study in Spain [26] over adolescents aged 13 -14 years showed that 9.4% had allergic rhinitis, and 10.3% had atopic dermatitis. The interaction between allergic rhinitis, asthma and atopic dermatitis is well known [58] , suggesting that the disease has a multifactorial etiology in which common genetic and environmental factors are involved. Regarding the HLA system in asthma, the most frequently associated haplotype in Spanish population is DRB1*01 [59] . In contact dermatitis, various loci conferring susceptibility to nickel dermatitis have been described [60] .
Recent studies show that the prevalence of food allergies is increasing. Again, genetic factors play an important role. A strong association between the HLA-DR15-DQB1*06:02 and allergy to cow's milk has been described [61] , which is present in a patient of the study sample (case 10). Our series include the case of a child with NT1 who developed the disease at an early age (6 years) after oral immunotherapy to cow milk [40] . It has also been described an increased frequency of HLA-DRB1*15:01 in patients with atopic dermatitis and egg allergy than those who do not have the latter [62] .
In summary, it seems clear that genetics play an important role in the ADs/IDs found in this sample of NT1 patients. The comorbidity with narcolepsy in some of our cases is not a coincidence, as they even share some alleles conferring susceptibility. Cross-associations between them are, as shown, very frequent, such as celiac disease/SLE and SLE/narcolepsy, or between psoriasis/MS and MS/narcolepsy, suggesting that they share certain genetic characteristics that confer increased susceptibility. It has also been reported that MS patients have a greater risk for other ADs compared to the general population [63, 64] . Using MS and narcolepsy as an example, it is clear that the susceptibility to these diseases results from interaction of genes, environment and gene/environment. The prevalence of ADs/IDs is high in this series (18.98%), suggesting that narcolepsy might arise on a background of generalized susceptibility to immune-mediated processes.
A recent study over 3,000 cases of European and Chinese background [65] has found new associations with HLA-DP alleles, but also in the HLA-class I region, suggesting an independent role for these HLA alleles similar to other ADs. Another study in 944 European NT1 patients [66] has also found HLA-class I alleles associated with susceptibility to narcolepsy, providing a genetic basis for increased susceptibility Our findings support this hypothesis. We speculate that the occurrence of an immunopathological disease can in turn influence the development of others in genetically predisposed individuals, which explains some of the temporary associations observed in this study. This was already proposed by Salemi and D'Amelio [68] , who suggested that a generalized stimulation of the immune system motivated by a vaccine might secondarily cause autoimmune responses. The child included in this study with NT1 after oral immunotherapy to cow milk is an excellent example to illustrate this mechanism. Besides, the analysis of the temporal relationship between the EDS onset and the presentation of the ADs/IDs showed that in 15 cases (50%) the diagnosis of the AD/ID preceded the EDS, and in four cases (13.3%) both EDS and AD/ID appeared simultaneously (e.g., immediately after the first allergic event in three cases). This indicates that immune-mediated responses could have acted as a trigger for narcolepsy in a majority of patients. In these patients in whom the AD/ID precedes or is simultaneous to narcolepsy (19 in total), an early age at onset of the AD/ID usually correlates with an early age at onset of NT1 (see cases 2, 10, 15, 16 and 18 in Table 2 ), suggesting again a mechanism of modulation or activation by the ADs/IDs. None of these patients were treated with antidepressants or stimulants at the time of diagnosis of the ADs/ID. In the remaining 11 cases (36.6%), the ADs/ID starts after NT1. All of them were then treated with stimulants and five also with antidepressants, an aspect that has to be taken into account due to its possible immunomodulatory effect. If we analyze individually the age at onset of the ADs in this sample of NT1 patients, and compare them with those described by Hayter and Cook, it can be concluded that they do not appear before than expected.
This study has some limitations: it is retrospective, and a recall bias can exist. But it initiates a work line for others to come. There have been some attempts in the recent past to stop the immune response that might cause narcolepsy [69] . Further studies will be necessary to identify clinical and genetic associations between narcolepsy and ADs/IDs and, perhaps, it would allow detecting the more severe cases in the early stages of the disease, providing an opportunity for immune-modulating therapies. The controls were not HLA-DQB1*06:02 matched to the cases.
